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The goal of the field of metabolic engineering is to manipulate metabolic networks to 
produce valuable metabolites such as fuels, chemicals, and pharmaceuticals. This goal can be 
extremely challenging because it often conflicts with the evolved ‘goals’ of genome 
replication and survival that are facilitated by naturally occurring metabolic networks. This 
conflict arises because engineered metabolic pathways consume the same ATP, redox 
potential, and carbon sources which are required for normal growth and survival, and produce 
products which are toxic and can interfere with native regulation mechanisms. This is a 
problem because in order to achieve the high product titers which are required for 
commercial success, a producing population of microbes must be able to grow to a high 
density – thus providing are a large number of production-units/catalysts. An obvious 
solution is to engineer separate growth and production phases so that a population can first 
grow to a high density, then ‘switch’ to a production mode. In this work, the concept of 
engineering separate growth and production phases was explored in the industrial microbe 
Saccharomyces cerevisiae (yeast). Separating growth and production phases requires that the 
genes which are critical for controlling flux through a production pathway be dynamically 
regulated in such a way that they are switched on at the appropriate time. However, in yeast 
there are a limited number of mechanisms for implementing dynamic regulation at the 
genetic level, and no way to prevent the drive towards growth during the production phase. 
To address these problems, the growth-arrest associated with the yeast mating phenotype has 
been investigated as a production phase. The metabolism underlying the pheromone response 
was highly active even though cells had arrested growth in the G1 cell-cycle phase. While 
these results are exciting at the lab scale, the addition of synthetic mating pheromone to an 
industrial scale reactor to separate growth from production is not feasible. The native 
pheromone communication system was therefore converted into a synthetic autocrine quorum 
sensing circuit where cells could produce and sense their own mating pheromone. The 
concentration of extracellular pheromone then acted as a proxy for population density. By 
altering the regulation and strength of the promoter which controls pheromone production, 
quorum sensing circuit dynamics could be fine-tuned to switch at different population 
densities. The activation dynamics of gene expression were also highly tuneable, ranging 
from completely graded autoinduction to highly switch-like gene expression. The best circuit 
topology was applied to dynamic regulation of gene knockouts that were predicted to 
dramatically increase PHBA yield, but significantly decrease biomass formation at the same 
time. Several of these genes were essential, making them perfect candidates to test the novel 
quorum sensing system. By coupling an RNA interference module to the quorum sensing 
circuit, two essential genes (CDC19, and ARO7) could be strongly repressed (~30 fold) after 
a growth phase. Along with the expression of relevant production pathway genes, this 
strategy resulted in a 37 fold improvement in PHBA titer, and effectively demonstrated the 
potential of dynamically regulating a metabolic pathway. By separating growth from 
production using the synthetic quorum sensing circuit and the growth-arrest phenotype, the 
fundamental conflict between the evolved network’s drive towards growth and the 
engineered pathway modifications was alleviated. 
 
